
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Japanese Application of

Shinya ONDA

Japanese Patent Application No/: 2003-071 197

Filing Date; March 17, 2003

for: "Liquid Crystal Display and Method for Manufacturing the Same"

VERIFICATION OF TRANSLATION

Honorable Commissioner of Patents and Trademarks

Washington, D.C. 20231

Sir:

Masaaki OGATA residing at c/o Wakabayashi Patent Agency, 16
th Kowa Bldg., No. 9-20,

Akasaka 1-chome, Minato-ku, Tokyo 107-0052 Japan Japan, declares:

(1) that he knows well both the Japanese and English languages;

(2) that he translated the above-identified Japanese Application from Japanese

to English;

(3) that the attached English translation is a true and correct translation of the

above-identified Japanese Application to the best of his knowledge and belief; and

(4) that all statements made of his own knowledge are true and that all

statements made on information and belief are believed to be true, and further that these

statements are made with the knowledge that willful false statements and the like are

punishable by fine or imprisonment, or both, under 18 USC 1001, and that such false

statements may jeopardize the validity of the application or any patent issuing thereof,

March 8/2007

Date MasaaJjraGATA



{Document Name]

[Docket Number]

[Filing Date]

[To]

[International Classification]

[Inventor]

[Address or Domicile]

[Name]

[Inventor]

[Address or Domicile]

[Name]

[Applicant for Patent]

[Identification Number]

[Name or Appellant]

[Agent]

[Identification Number]

[Address or Domicile]

[Patent Attorney]

[ Name or Appellant]

Patent Application

34803862

March 17, 2003

Commissioner, Patent Office

G02F 1/1339

G09F9/30

c/o NEC CORPORATION

7-1, Shiba 5-chome, Minato-ku, Tokyo,

Japan

Shinya ONDA

c/o NEC CORPORATION

7-1, Shiba 5-chome, Minato-ku, Tokyo,

Japan

Mitsuhsro SUGIMOTO

000004237

NEC CORPORATION.

100096253

Kairaku Bid. 19-12, Higasiueno

1-chome, Taito-ku, Tokyo, Japan

Yuusuke Omj



[Indication of Official Fees]

[Advance Deposit Record Number] 003399

[Amount Paid J ¥21 ,000

[List of Materials Submitted

]

[Material Name] Specification 1

[Material Name] Drawing 1

[Material Name] Abstract 1

[Number of General Power of Attorney] 9002 1 37

2



[Name of the Document] Specification

[Title of the Invention] Liquid Crystal Display and Method for

Manufacturing the Same

[Scope of Claims]

[Claim 1 ] A liquid crystal display wherein a first substrate, which has

an electrode and a conductive column electrically connected to said

electrode, and a second substrate, which has a conductive column contact

portion for making electric connection with said conductive column, are stuck

via a seal section, and wherein a liquid crystal is retained between the two

substrates, characterized in that said conductive column is in contact with

said conductive column contact portion of said second substrate by being

fixed to said seal section except for a part that is in contact with said

conductive column contact portion.

[ Claim 2 ] The liquid crystal display according to claim 1

characterized in that said conductive column contact portion is formed in an

input terminal for inputting an external signal, said input terminal being

provided in said second substrate.

[ Claim 3 ] The liquid crystal display according to claim 1

,

characterized in that said second substrate has a display area on a surface

facing said first substrate, wherein said display area has a plurality of pixel

electrodes for modulating the condition of said liquid crystal, a plurality of

accumulating capacitance in which a part of each of said plurality of pixel

electrodes is one electrode of said accumulating capacitance, and

accumulating capacitance lines which connect to the other electrodes of said

accumulating capacitance, and said conductive column contact portion is

3



formed in a lead wiring, said lead wiring being extended from said

accumulating capacitance lines to an outside of said display area, and being

electrically connected with the input terminal for inputting the external signal.

[Claim 4] The liquid crystal display according to any one of claims

1 to 3, characterized in that said first conductive column is reduced in width

from a surface of said first substrate toward said conductive column contact

portion,

[Claim 5] The liquid crystal display according to any one of claims

1 to 4, characterized in that said plurality of conductive columns contact said

conductive column contact portion,

[Claim 6] The liquid crystal display according to any one of claims

3 to 5, characterized in that said plurality of conductive column contact

portions exist in said lead wiring.

[Claim 7] The liquid crystal display according to any one of claims

1 to 6, characterized in that the spacer coexists in said seal section.

[Claim 8] The liquid crystal display according to any one of claims

3 to 5, characterized in a distance between said first substrate and said

second substrate is maintained constant by said conductive column.

[Claim 9 J The liquid crystal display according to any one of claims

3 to 5 and 8, characterized in that a conductive column is formed in said

conductive column contact portion of said second substrate such that said

conductive column is crossed with said conductive column of said first

substrate.

[Claim 10] The liquid crystal display according to any one of claims

3 to 5, 8 and 9, characterized in that a periphery of a cross section of said
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conductive column of said first substrate has an arc which has a finite

curvature, said cross section being crossed perpendicularly with a

longitudinal direction along a front surface of said first substrate, at feast at

the furthest point from the front surface of said first substrate.

[Claim 11J The liquid crystal display according to claim 9 or 10

characterized in that a periphery of a cross section of said conductive

column of said second substrate has an arc which has a finite curvature, said

cross section being crossed perpendicularly with a longitudinal direction

along a front surface of said second substrate, at least at the furthest point

from the front surface of said substrate,

[Claim 12] The liquid crystal display according to any one of claims

1 to 1 1 , characterized in that a lengthwise direction of said first conductive

column of said first substrate, or lengthwise directions of said first conductive

column of said first substrate and said second conductive column of said

second substrate, coincide with a direction of rubbing of an alignment film

formed on said first electrode on said first substrate, or each of said first

electrode on said first substrate and said pixel electrodes on said second

substrate.

[Claim 13] The liquid crystal display according to any one of claims

1 to 1 2, characterized in that said conductive column is formed by covering a

part of said electrodes of said first substrate by a column which consists of

resin.

[Claim 14] A method for manufacturing the liquid crystal display

according to any one of claims 1 to 13, characterized in that said method has

a substrate lamination process in which a seal material for forming a seal for
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bonding said the first substrate and said second substrate is cured while the

seal material adheres to a part of said conductive column other than a part

that is in contact with said conductive column contact portion and while said

conductive column of said the first substrate is in contact with said

conductive column contact portion of said second substrate.

[Claim 15] The method for manufacturing the liquid crystal display

according to claim 14, characterized in that an alignment film formed on said

first electrode on said first substrate, or each of said first electrode on said

first substrate and said pixel electrodes on said second substrate is rubbed

such that they coincide with a lengthwise direction of said first conductive

column of said first substrate, or lengthwise directions of said first conductive

column of said first substrate and said second conductive column of said

second substrate,

[Claim 16] The method for manufacturing the liquid crystal display

according to claim 14 or 15 characterized in that said conductive column

uses a resin column which is formed in a shape of a column by a

photopolymer layer formed in said the first substrate or said second

substrate.

[ Detailed Description of the Invention]

[0001]

[ Field of the Invention ]

The present invention relates to a liquid crystal display and a method for

manufacturing the liquid crystal display and a more particularly, to a liquid

crystal display with a liability electrical connection from external input

terminals on one substrate to electrodes on another substrate and a method
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for manufacturing the liquid crystal display.

[0002]

I Description of Prior Art ]

Active matrix liquid crystal displays ordinarily have a structure in which a

TFT substrate and a counter substrate opposed to the TFT substrate are

bonded to each other by a sealing materia! and a liquid crystal material is

enclosed between the TFT substrate and the counter substrate. In order to

apply a drive voltage to this liquid crystal material, pixel electrodes and an

input terminal portion including input terminals electrically connected to the

pixel electrodes are formed on the TFT substrate, A counter electrode

(common electrode) is formed on the counter substrate at a position such as

to face the pixel electrodes on the TFT substrate. Conventionally, by

providing counter electrode terminals in the input terminal portion of the TFT

substrate an electrical connection between the counter electrode terminals

and the counter electrode on the counter substrate is established.

[0003]

There is a technique of forming conductive columns such that conductive

columns formed mainly of a conductive paste are formed so as to be

surrounded by a seal for sealing the two substrates as a first conventional

technique for establishing electric connection between the counter electrode

terminals in the input terminal portion of the TFT substrate and the counter

electrode on the counter substrate (for example, see patent reference 1).

Fig. 11 (a) is a plan view of a liquid crystal display according to this

conventional technique, and Fig.. 11(b) is a cross-sectional view which meets

X-X-jine of drawing 11 (a). Electrodes 103 and 106 are respectively formed
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on a TFT substrate 102 and a counter substrate 1 04, and conductive columns

120 formed mainly of a conductive paste are formed between the electrodes

103 and the electrodes 106. The electrodes 103 are counter electrode

terminals provided in an input terminal portion 107 of the TFT substrate 102,

The electrodes I06 are connected to a counter electrode 106' on the counter

substrate 104. The counter electrode terminals in the input terminal portion

107 of the TFT substrate 102 and the counter electrode 106' on the

substrate 104 are thereby connected electrically to each other. Further, the

conductive columns 120 are surrounded watertight by a seal 105 for bonding

together the TFT substrate 102 and the counter substrate 104. Fig. 12 is a

flowchart for explaining an example of a process for manufacturing this

conventional liquid crystal display. First, an alignment film is formed on the

TFT substrate I02 on which electrodes 103 and pixel electrodes 124 are

formed and the electrodes 106 and the counter electrode 106* are formed on

the counter substrate 104 (steps S1 01' and SI01), followed by rubbing (steps

S102' and S102) and cleansing after rubbing (steps SAQ3 % and S103).

Subsequently, silver paste for forming conductive columns 120 is applied to

the electrodes 103 on the TFT substrate 102 (step S104% On the other

hand, sealing material 105 is applied to portions of the substrate 104 other

than the portions on which the electrodes 106 and the counter electrode 106'

are formed (step SI 04). Thereafter, the two substrates 102 and 104 are

bonded together (step S105), a liquid crystal is injected (step S106), and the

liquid crystal injection hole is closed (step S 107). The process of

manufacturing the liquid crystal display according to this conventional

technique is thus performed.
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[0004]

There is a technique of using conductive columns formed by using color

filter materials laminated on the periphery of a display region as a second

conventional technique for establishing electric connection between counter

electrode terminals and a counter electrode (for example, see patent

reference 2). Fig. 13 is a cross-sectional view of a portion on the periphery

of a display region of a liquid crystal display according to this conventional

technique. Columns are formed on a counter substrate 204 by laminating a

plurality of color filter materials 214. A counter electrode 206 formed on the

counter substrate 204 so as to face pixel electrodes 224 on a TFT substrate

202 extends to the columns and covers the surfaces of the columns. The

columns and counter electrode 224 formed on the columns form conductive

columns 220. Electrodes 203 are formed on the TFT substrate 202 so as to

contact the bottom surfaces of the conductive columns 220. Counter

electrode terminals (not shown) connected to the electrodes 203 and the

counter electrode 206 are thereby connected electrically to each other, A

seal 205 is formed outside the conductive columns 220.

[0005]

There is a technique of using conductive columns formed by using color

filter materials laminated in a display region of a liquid crystal display as a

third conventional technique for establishing electric connection between

counter electrode terminals and a counter electrode (for example, see patent

reference 3}., Fig. 14 is a cross-sectional view of a portion on the periphery

of a display region of a liquid crystal display according to this conventional

technique. Columns are formed on a counter substrate 304 by laminating a
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plurality of color filter materials 314. A counter electrode 306 is formed so

as to cover the columns. The columns and the portions of the counter

electrode covering the columns form conductive columns 320, The

conductive Columns 320 are in contact with accumulating capacitor lines 325

on a TFT substrate 302. The accumulating capacitor lines 325 are

connected to counter electrode terminals (not shown) to establish electrical

connection between the counter electrode terminals and the counter

electrode 306.

[0006]

[Patent reference 1 ]

JP Hei5-127172 (Page 2, Figures 1
, 2)

[ Patent reference 2]

JP2001-5Q17 (Pages 4, 5, Figures 1» 2)

[Patent reference 3]

Japanese Patent No. 3014291 Publication (Page 5, Figure 8)

[0007]

[Problems to be Solved by the invention]

However, in the first conventional technique, since a material having silver

paste as a main constituent is used for the conductive column 120, one step

of applying silver paste to one of the TFT substrate is required for electrical

connection between the TFT substrate and the counter substrate, as shown

in the flowchart of Fig. 11. Application of silver paste is performed by

dotting silver paste on the substrate by a dispenser method. In this method,

since the amount of silver paste applied from a dispenser varies, it is

necessary to increase the amount of applied paste in order to stabilize the
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electrical connection and, therefore, there is a problem that the application

area is increased. Further, in the case of multiple patterning for forming a

plurality of small liquid crystal displays on a large substrate, the number of

silver paste dots is increased in proportion to the number of liquid crystal

displays formed on the substrate and there is a problem that the process

time is increased and the throughput is reduced. Further, there is also a

problem that a foreign material may attach to the silver paste or that silver

paste may be sputtered to portions other than the application area by the

operation of the dispenser to cause a display fault. Further because of

large variations in application pressure the amount of application can not be

uniformly maintained and the stability of electrical connection between the

TFT substrate and the counter substrate is reduced. There is also a

possibility of the stability of electrical connection between the electrodes 103

and 106 being reduced due to the difference between the amounts of

shrinkage of the sealing material and silver paste in the bonding step,

[0008]

In the second conventional technique, the conductive columns 220 and the

electrodes 203 on the TFT substrate 202 are electrically connected only by

the pressure applied by means of the seal 205 formed outside the

conductive columns 220 to constantly maintain the spacing between the TFT

substrate 202 and the counter substrate 204. Therefore, there is a problem

that adhesion between the conductive columns 220 and the electrodes 203

on the TFT substrate 202 is so low that the electrical connection is instable.

This tendency has become stronger in recent years particularly with the

further reduction in thickness of glass substrates used as TFT and counter
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substrates, because the substrates can be distorted or warped, for example,

by an environmental change such as an impact from the outside and a

change in temperature. In extreme cases, the contact portions are

disconnected or separated from each other.

[0009]

In the third conventional technique, the structure on the periphery of the

conductive columns 320 in high-precision liquid crystal displays having

smaller pixels and a smaller pixel spacing is complicated, resulting in an

increase in the number of steps in the manufacturing process and an

increase in the manufacturing cost. For establishment of electrical

connection between the accumulating capacitor lines 325 and conductive

columns 320, troublesome operations are required such as forming holes in

gate insulating film 326 on the accumulating capacitor lines 325 and shaving

off through the holes the alignment film (not shown) on the accumulating

capacitor lines 325 at the bottoms of the conductive columns in order to

establish connection between the accumulating capacitor lines 325 and the

conductive columns 320. In addition, the conduction between the

accumulating capacitor lines 325 and the conductive columns 320 is instable.

Further, since the conductive columns 320 on which the counter electrode

306 are formed exist in the display region, rubbing is difficult to perform and

the alignment of the liquid crystal material in the vicinity of the conductive

columns 320 is disturbed, resulting in a considerable reduction in display

quality.

[0010]

The present invention was made to address these problems* and an object
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of the present invention is to provide a liquid crystal display having improved

reliability and electrically connecting a TFT substrate and a counter substrate

with stability, and a method of manufacturing the liquid crystal display.

[0011]

[Means for Solving the Problem]

in order to achieve the above-mentioned object, according to the present

invention, a liquid crystal display is provided wherein a first substrate, which

has an electrode and a conductive column electrically connected to said

electrode, and a second substrate, which has a conductive column contact

portion for making electric connection with said conductive column, are stuck

via a seal section, and wherein a liquid crystal is retained between the two

substrates, characterized in that said conductive column is in contact with

said conductive column contact portion of said second substrate by being

fixed to said seal section except for a part that is in contact with said

conductive column contact portion.

The conductive column contact portion is preferably an input terminal or

lead wiring extended from said accumulating capacitance lines provided in

said second substrate.

[0012]

Furthermore, in order to achieve the above-mentioned object, according to

the present invention, a method for manufacturing the liquid crystal display is

provided, the method being characterized in that said method has a

substrate lamination process in which a seal material for forming a seal for

bonding said the first substrate and said second substrate is cured while the

seal material adheres to a part of said conductive column other than a part
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that is in contact with said conductive column contact portion and while said

conductive column of said the first substrate is in contact with said

conductive column contact portion of said second substrate..

[0013]

[ Embodiment of the I nvention ]

Next, embodiments of the present invention will be explained in detail with

reference to the drawings.

[First Embodiment]

Fig. 1 is a plan view of a TFT substrate of a liquid crystal display according

to a first embodiment of the present invention- The TFT substrate 2 has a

display area 8 and an input terminal portion 3 for connection to an external

signal circuit (not shown). The display area 8 has pixel electrodes for

applying voltages to a liquid crystal material, switching devices such as TFTs

(thin film transistors) for supplying signals to the pixel electrodes, a plurality

of scanning lines and a plurality of signal lines which are used for selection

and drive of the switching devices and which intersect with each other,

accumulating capacitors each of which has a portion of the pixel electrode as

its one electrode and in which charges induced by external signals are

accumulated, and accumulating capacitor lines connecting the other

terminals of the accumulating capacitors. The input terminal portion 3 has

COM terminals 3a for inputting a potential to be applied to a counter

electrode formed on a counter substrate, circuit drive terminals 3b for

inputting signals for driving the switching devices in the display area 8, and

an accumulating capacitor line terminal 3c for inputting a potential to be

supplied to the accumulating capacitor lines.
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[0014]

The accumulating capacitor line terminal 3c and the accumulating

capacitor lines are electrically connected by lead wiring 30. Circuit wiring

regions 10 exist around the display area. The circuit wiring region 10 are

formed a gate driver and a data driver for driving the switching devices by

inputting external signals from the circuit drive terminals 3b, and wiring for

electrically connecting these drivers.

[0015]

Fig. 2 (a) is a partial plan view of a liquid crystal display according to this

embodiment, and Fig.2(b) is a cross-sectional view of Fig.2(a). The liquid

crystal display I shown In Fig.2 is manufactured by using the TFT substrate

shown in Fig. 1 . In Fig.2, the portions corresponding or identical to those

shown in Fig.1 are indicated by the same reference characters, and the

same description for them will not be repeated. The liquid crystal display 1

has a TFT substrate 2 and a counter substrate 4 opposed to each other.

The TFT substrate 2 and the counter substrate 4 are sealed with a seal 5,

with a liquid crystal material 27 retained therebetween. The counter

substrate 4 has a counter electrode 6 formed so as to face the display area 8,

and conductive columns 20, The seal 5 is formed in a state of being fixed

to the conductive columns 20. An opening is formed in a portion of the seal

5. After injecting a liquid crystal trough the opening, a hole-closing materia!

is applied to and set on the opening to form a hole-closing portion 7.

[0016]

The COM terminals 3a extend to a region inside the seal 5 on the TFT

substrate 2. In the display area 8 are further formed an array portion 25
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having scanning lines, signal lines, switching devices such as TFTs,

accumulating capacitors, accumulating capacitor lines, etc., electrically

connected to the gate driver and the data driver in the circuit layout regions

10, and pixel electrodes 24 electrically connected to the switching devices.

In conductive column installation regions 9 where conductive columns of the

counter substrate 4 are formed, a ground column 20' formed of an elastic

resin material and having a predetermined height exist. The counter

electrode 6 of the counter substrate 4 formed so as to face the display area

8 of the TFT substrate 2 extends so as to cover the ground column 20*.

The ground column 20' and the portions of the counter electrode 6 covering

the ground column 20' form the conductive column 20. The conductive

column 20 is formed so as to contact the COM terminals 3a on the TFT

substrate 2 so as to be electrically connected to the COM terminals 3a.

That is, conductive column contact portions 19 which contact the conductive

columns 20 form part of the COM terminals 3a. Further, alignment film 23

is formed on the pixel electrodes in the display area of the TFT substrate 2

and on the counter electrode 6 facing the pixel electrodes.

[0017]

In the seal 5, spherical spacers 21 having a predetermined diameter are

mixed in a sealing material to maintain a predetermined spacing hi (= the

diameter of spherical spacers 21 + the thickness of the counter electrode)

between the circuit wiring regions 10 of the TFT substrate 2 and the major

surface of the counter substrate 4, The conductive columns 20 may be

formed to a height corresponding to a value determined by adding a certain

margin for ensuring electrical connection between the conductive columns 20
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and the COM terminals 3a to the sum of the predetermined spacing (the

diameter of spacers 21 + the thickness of the counter electrode) hi and a

height difference h2 between the circuit layout regions 10 and the height of

the COM terminals 3a from the major surface of the TFT substrate.

[0018]

Next, the method for manufacturing the conductive column 20 formed in

the counter substrate 4 will be explained.

Figs. 3 are cross-sectional views of manufacturing process steps for

explaining the method of manufacturing the conductive columns 20 shown in

Fig. 2 First, a resin layer 2WA formed of a negative photosensitive resin and

having a predetermined thickness is formed on the major surface of the

counter substrate 4 by spin coating [ (a) ]. Next, a photomask 52 patterned

so that resin columns used as cores of conductive columns are formed only

at predetermined positions is placed above the resin layer 20'A
S
and the

resin layer 20'A is exposed
[

(b) ]. Subsequently, development by an

organic solution such as all alkali developer is performed on the exposed

resin layer 20'A to form ground columns 20 f

at the predetermined positions

[(c)]. Thereafter, generally over the entire surface of the counter substrate

4 on which the ground columns 20' are formed, a film such as ITO film or the

like for a transparent electrode is formed by sputtering so as to cover the

ground columns 20' and is patterned into a predetermined configuration to

form the counter electrode 6, thereby completing the process of

manufacturing the conductive columns on the counter substrate 4 [ (d) ].

The ground columns 20" and the portions of the counter electrode 6 covering

the ground columns 20' form conductive columns 20. The height of the
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conductive columns 20 (the sum of the height of the resin columns 20 f and

the thickness of the counter electrode 6) is substantially equal to a value

determined by adding a certain margin to the sum of the diameter of

spherical spacers 21 , the thickness of the counter electrode, and h2, as

described above. The conductive columns 20 have elasticity since the

photosensitive resin is used as the material of their cores. The conductive

columns 20 may have the shape of a truncated pyramid, a frustum or the like,

i.e., such a shape hat it is reduced in width at a position remote from the

surface of the counter substrate 4. If the conductive columns 20 have such

a shape, the degree of uniformity with which the counter electrode film is

formed on the ground columns 20' is improved. Such a shape can be

obtained in such a manner that, for example, the transmittance of a

peripheral portion of the light transmitting region of the photomask 52 is

reduced with the increase in distance from the center of the light transmitting

region, and the exposure time is controlled. In the above-described process,

the counter electrode 6 is also formed on the portion facing the display area

8 of the TFT substrate 2 when the counter substrate 4 and the TFT substrate

2 shown in Fig.1 are bonded together.

10019]

A manufacturing method for manufacturing the liquid crystal display shown

in Fig, 2after forming the conductive columns on the counter substrate as

described above will next be described.

Fig. 4 is a flowchart for explaining the method of manufacturing the liquid

crystal display shown in Fig. 2. First, alignment film is formed by printing on

the pixel electrodes in the display area of the TFT substrate and on the
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counter electrode on the portion of the counter substrate facing the display

area of the TFT substrate (step SP, step S1). Rubbing on the alignment film

is performed (step S2\ step S2), and cleansing after rubbing is performed

(step S3 1

,
step S3). Next, a sealing material is applied to the counter

substrate so as to completely cover side surfaces of the conductive columns

on the counter substrate and to surround the display area of the TFT

substrate when the counter substrate and the TFT substrate are bonded

together (step S4), A discontinuity for injection of a liquid crystal is formed

in the sealing material. As the sealing material, a material of any setting

type, e.g., a thermosetting material or ultraviolet curing material may be used.

In addition, spherical spacers of a predetermined diameter may be mixed in

the sealing material. Next, the TFT substrate and the counter substrate are

superposed on each other so that the sealing material on the counter

substrate surrounds the display area of the TFT substrate, followed by

setting of the sealing material. A seal is thereby formed to bond the two

substrates together (step S5). The discontinuity of the sealing material

forms an injection hole used in the next liquid crystal injection step.

[0020]

When the sealing material is set, it shrinks in a state of being maintained

in contact with the conductive columns and the COM terminals. Therefore,

the seal formed by setting of the sealing material has a force applied

between the TFT substrate and the counter substrate to reduce the distance

between these substrates. On the other hand, the spherical spacers in the

sealing material have the function of maintaining the spacing between the

major surface of the counter substrate on the liquid crystal side and the
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upper surfaces of the COM terminals at [hi (= the diameter of the spherical

spacers + the thickness of the counter electrode film) + h2]. Thus, the

height of the conductive columns can be set to a value determined by adding

a margin to (the diameter of the spherical spacers + the thickness of the

counter electrode film + h2) to ensure stable contact between the surfaces of

the conductive columns on the counter electrode side and the upper

surfaces of the COM terminals in a surface contact manner, Further, the

resin columns having elasticity are used as the core of the conductive

columns to reduce excessive stress caused by the seal in the conductive

columns, the COM electrodes, the TFT substrate, the counter substrate, etc.,

and to ensure that the spacing between the counter substrate surface and

the upper surfaces of the COM terminals can be maintained at Jhl (= the

diameter of the spherical spacers + the thickness of the counter electrode

film) + h2] even in the conductive column installation region 9 without

causing any considerable stress in the TFT substrate, the counter substrate,

etc. Further, since the conductive columns and the COM terminals are

maintained in contact with each other when the sealing material sets and

shrinks, they do not act so as to damage the other.

{0021

3

Subsequently, a liquid crystal is injected through the injection hole (step

S6), and a hole-closing adhesive is applied to and set on the injection hole to

form a hole-closing portion (step S7). The manufacturing process in this

embodiment is thus completed to obtain the liquid crystal display 1 shown in

Fig.2.

[0022]
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In this embodiment, as described above, the sealing materia! adhered to

the conductive columns and the COM terminals cures and shrinks while the

conductive columns and the COM terminals are maintained in contact with

each other, thereby realizing stable electrical connection between the

conductive columns and the COM terminals. In addition, since a resin having

elasticity is used as the material of the cores of the conductive columns,

excessive stress due to shrinkage of the sealing material is reduced and a

constant spacing is maintained between the TFT substrate and the counter

substrate. Therefore, the electrical and physical connection between the

conductive columns and the COM terminals can be mentioned to cut even

when stress in the substrates, a warp of the substrates, or the like occurs

due to an impact externally applied or an environmental change such as a

change in temperature. Further, advantageously, an influence of corrosion

or the like due to some cause e g water from the outside, can be reduced,

in particular, since the resin columns forming the cores of the conductive

columns can be formed by using a photosensitive resin, it can be formed

simultaneously with the step of patterning for wiring or the like. Therefore,

cost and manufacturing time due to the formation of the columns are not

increased. Conversely, the arrangement is particularly advantageous in the

case of multiple patterning for forming a plurality of small liquid crystal

displays on a large substrate, because a plurality of conductive columns can

be formed at a time without requiring troublesome operations for forming

conductive columns by dotting silver paste by a dispenser method as in the

conventional art.

[0023]
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Further, since the conductive columns are formed outside the display area,

the conductive columns are not covered with the alignment film at there tops

and the conductive columns can be brought into direct contact with the COM

terminals, so that a voltage drop due to the alignment film can be avoided.

Also, even if a foreign material or the like attached to a rubbing cloth is

attached as a contaminant to the conductive columns at the time of rubbing,

the foreign material flowing into the liquid crystal layer to contaminate the

liquid crystal material can be avoided since the conductive columns are

covered with the seaL

[0024]

While in the liquid crystal display shown in Fig.2 one conductive column 20

in the form of a truncated pyramid is formed on one conductive column

installation region 9 as shown in Fig. 5(a), a plurality of conductive columns

20 may be formed, for example, as shown in Fig.5(b) or 5(c). In a case

where a plurality of conductive columns 20 are formed in one conductive

column installation region 9, the conductive columns 20 contact the

conductive column contact portion of the COM terminal at a plurality of points

and, therefore, a potential can be supplied to the counter electrode formed

on the counter substrate with improved stability in comparison with one-point

electrical connection.

[0025]

The number of conductive column installation regions is not limited to two-

it may be one or three or more. Further, the conductive columns 20 may be

covered with a low-resistance conductive material such as Cr or Al. Also,

such a low-resistance conductive material may be formed so as to surround
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the periphery of the counter electrode 6 formed of a transparent electrode

such as 1TO to further stabilize the potential of the counter electrode 6.

[0026]

[Second Embodiment]

Fig.6 is a partial plan view of a liquid crystal display according to a second

embodiment of the present invention. In Fig.6, portions corresponding or

identical to those shown in Fig.2(a) are indicated by the same reference

characters. The same description for them will not be repeated. This

embodiment differs from the first embodiment in that no COM terminal exists

in the input terminal portion, and that conductive columns 20 formed on the

counter substrate are electrically connected to lead wiring 30 which connects

accumulating capacitor line terminals 3c and accumulating capacitor lines in

the display area.

[0027]

Each of accumulating capacitors in the display area is for accumulating an

external signal in the form of charge during one-flame period by using as its

one terminal a portion of the pixel electrode. The potential of accumulating

capacitor lines formed so as to connect the other terminals of the

accumulating capacitors can be set to a value freely selected. In this

embodiment, therefore, the potential of the accumulating capacitor lines is

set equal to the potential of the counter electrode on the counter substrate,

thus enabling the conductive columns 20 to be electrically connected to the

lead wiring 30 while eliminating the need for the COM terminals 3a in the first

embodiment shown in Fig. 2(a).

[0028]
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This embodiment has the same effects as those of the first embodiment

The conductive columns 20 may be connected to the accumulating

capacitor line terminals 3c instead of being connected to the lead wiring 30,

[0029]

[Third Embodiment]

Fig.7 is a partial plan view of a liquid crystal display according to a third

embodiment of the present invention. In Fig.7, portions corresponding or

identical to those shown in Fig .6 are indicated by the same reference

characters. The same description for them will not be repeated. This

embodiment differs from the second embodiment shown in Fig.6 is a point

that conductive columns 20 formed on the counter substrate are connected

to lead wiring 30 on the TFT substrate at four corners of the same.

(00301

Conductive columns 20 connected to lead wiring 30 on the TFT substrate

at four corners of the same to achieve the effect of uniformly applying a

constant potential to the entire surface of the counter electrode 6. The

conductive columns 20 may be connected to lead wiring 30 on the TFT

substrate at some positions other than the four comers, and may be

connected in different places other than the four corners if the same effect

can be achieved.

It is clear that this embodiment has the same effects as those of the

second embodiment.

10031]

[Fourth Embodiment]

Fig.8{a) is a partial plan view of a liquid crystal display according to a
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fourth embodiment of the present invention, and Fig.8(b) is a cross-sectional

view which meets the B-B fine of Fig,8(a). In Fig.8, portions corresponding

or identical to those shown in Fig.7 are indicated by the same reference

characters. The same description for them will not be repeated. This

embodiment differs from the third embodiment in that conductive columns 20

generally completely surround the region of the counter substrate facing the

display area 8 of the TFT substrate except at a liquid crystal injection hole,

face lead wiring 30 on the TFT substrate, and contact almost the entire

surface of the lead wiring 30 on the TFT substrate.

[0032]

A iead wiring 30 is formed so as to surround the display area 8 of the TFT

substrate 2 and to connect accumulating capacitor line terminals 3c and

accumulating capacitor lines In the display area 8. Portions of the counter

electrode 6 on the conductive columns 20 formed on the counter substrate 4

contact the entire surface of the lead wiring 30 except at the liquid crystal

injection hole. The conductive columns 20 are formed to a predetermined

height and have the function of constantly maintaining the spacing between

the TFT substrate 2 and the counter substrate 4. In the liquid crystal

display shown in Fig.8, therefore, it is possible to maintain the spacing

between the TFT substrate 2 and the counter substrate 4 can be maintained

at a predetermined value without mixing spherical spacers in the sealing

material. Consequently, the manufacturing process can be shortened and

the yield rate can be improved,

[0033]

In this embodiment, the liquid crystal display can be manufactured by the
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same manufacturing process as that according to the first embodiment

shown in the flowchart of Fig. 4. in this embodiment, if at the time of

bonding of the TFT substrate and the counter substrate the sealing material

is set in a state where the conductive columns 20 and the lead wiring 30 are

in contact with each other, the contact between the conductive columns 20

and the lead wiring 30 is made firmer by shrinkage of the sealing material. If

the cores of the conductive columns 20 are formed of an elastic resin,

excessive stress can be absorbed.

[0034]

The conductive columns 20 can be manufactured by the same

manufacturing method as that according to the first embodiment shown in

Fig.3, While Fig.8(b) shows a case where two separate conductive columns

20 are concentrically formed, only one conductive column 20 or three or

more separate conductive columns 20 may be provided. It is not necessary

required that each conductive column 20 integrally surround the display area

8. Each conductive column 20 may be divided into a plurality of pieces

formed around the display area 8.

It is clear that this embodiment has the same effects as those of the first to

third embodiments.

[0035]

{Fifth Embodiment]

Fig.9(a) is a partial sectional view of a liquid crystal display according to an

embodiment of the present invention, and Fig.9(b) is perspective view for

explaining the state of contact between conductive columns on a counter

substrate and lead wiring on a TFT substrate. In Fig.9, portions
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corresponding or identical to those shown in Fig.8 are indicated by the same

reference characters. The same description for them will not be repeated.

This embodiment differs from the fourth embodiment shown in Fig.8 in that

the circumference of a cross section of conductive columns 20 on the

counter substrate 4 perpendicular to the lengthwise direction along the

surface of the counter substrate 4 has an arched shape of a finite curvature

at least at an extreme end remotest from the surface of the counter substrate

4, and that similar conductive columns 20a are also formed on lead wiring 30

on the TFT substrate 2.

[0036]

The resin columns forming the core portions of the cond uctive columns are

formed into a shape as that described above to enable the formation of

uniform counter electrode film on the resin columns to be improved.

Conductive columns 20a having a similar shape are also formed on lead

wiring 30 and the conductive columns formed on the two substrates are

placed so as to intersect with each other to provide a plurality of points of

contact between the conductive columns, thereby stabilizing the electrical

connection between accumulating capacitor line terminals 3c on the TFT

substrate and the conductive columns 20 on the counter substrate.

10037]

The conductive columns may be formed so that the lengthwise direction of

the conductive columns 20 on the counter substrate 4 coincides with the

direction of rubbing of the alignment film on the counter electrode on the

counter substrate 4, and the lengthwise direction of the conductive columns

20a on the TFT substrate 2 coincides with the direction of rubbing of the
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alignment film on the pixel electrodes on the TFT substrate 2. For example,

the liquid crystal display is TN (twisted nematic) cells, the conductive

columns 20 on the counter substrate 4 and the conductive columns 20a on

the TFT substrate 2 are formed so as to be perpendicular to each other

when the two substrates are bonded together. If the lengthwise directions

of the conductive columns and the directions of rubbing of the alignment

films on the substrates coincide with each other as described above, the

amount of small pieces of material scraped off by rubbing performed on the

substrates and remaining after rubbing can be limited. Also, even if cloth of

a rubbing roll contacts the conductive columns during rubbing, the friction

from the conductive columns to the cloth can be reduced to limit the amount

of pieces of material scraped off by nibbing and remaining after rubbing.

[0038]

A method of manufacturing conductive columns 20 and 20a will next be

described.

Fig. 10 is a cross-sectional view in order of manufacturing process steps for

explaining the method of manufacturing the conductive columns 20 shown in

Fig.9. The manufacturing process steps shown in (a) to (c) of Fig. 10 are the

same as the manufacturing process steps in the first embodiment shown in

(a) to (c) of Fig.3, A photomask 52 used in the process is patterned so that

the lengthwise direction on the conductive columns 20 coincides with the

direction of rubbing performed on the alignment film formed on the portion

corresponding to the display area of the TFT substrate of the counter

electrode made in a subsequent step. Subsequently, the temperature of

the surface of ground columns 20' is increased to or above the melting
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temperature to melt the surfaces of the ground columns 20', thereby forming

the ground columns 20 s having the circumference of its cross section

perpendicular to the lengthwise direction along the surface of the counter

substrate 4 formed into an arched shape of a finite curvature at least at an

end remote from the surface of the counter substrate 4 [ (d) ]. Thereafter, a

film for a transparent electrode such as ITO is formed into a predetermined

shape by sputtering such as to cover the ground columns 20\ The counter

electrode 6 is thereby formed and the process of manufacturing the

conductive columns 20 on the counter substrate 4 ends [ (e) ]. The

conductive columns may be made so as to have a sectional shape forming

part of an ellipse or a circle. Thus, the conductive columns on the counter

substrate are formed in correspondence with the direction of rubbing of the

alignment film on the counter substrate shown in Fig. 9. Similarly,

conductive columns are formed on the TFT substrate in correspondence with

the direction of rubbing of the alignment film on the TFT substrate.

[0039]

The conductive columns formed on the counter substrate and the TFT

substrate and intersecting each other may have a different shape, e.g., the

shape of a truncated pyramid such as that in the first embodiment shown in

Fig. 5. Setting the direction of the longitudinal axes of the conductive

columns in correspondence with the direction of rubbing of the alignment film

on the substrates is also effective in limiting the amount of small pieces of

material scraped off by rubbing and remaining after rubbing in the first to

fourth embodiments.

It is clear this embodiment has the same effects as those of the first to
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fourth embodiments.

[0040]

As mentioned above, although the present invention was explained based

on the suitable embodiments, the liquid crystal display and the method for

manufacturing the same of the present invention are not limited to the

embodiments mentioned above, and liquid crystal displays and the method

for manufacturing the same which are modified in a various manner within

the spirit of the present invention are also included in the scope of the

present invention. For example, the resin columns forming the core portions

of the conductive columns may be made not of a negative photosensitive

resin but of a positive photosensitive resin. In addition, the lead wiring to the

accumulating capacitor lines is not limited to-only one conductor A plurality

of conductors may be used as the lead wiring and separately connected to

accumulating capacitor line terminals. Further, two or more liquid crystal

injection holes may be formed instead of one injection hole. The switching

devices for driving the pixel electrodes are also not limited to TFTs. Any

other switching devices such as MM (metal insulator metal) devices or

diodes capable of driving the pixel electrodes may alternatively be used.

[0041]

[Effect of the Invention]

As explained above, according to the liquid crystal display of the present

invention and the method for manufacturing the same, while the conductive

column of the counter substrate and the COM terminal or the accumulating

capacitor line of the TFT substrate are in contact with each other, the seal,

which adheres to the lead wiring of the conductive column and the COM
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terminal or the accumulating capacitor line, shrinks and is cured, stable

electrical connection between the conductive column and the COM terminal

or the accumulating capacitor line is provided- Moreover, according to the

liquid crystal display of the present invention and the method for

manufacturing the same, since resilient resin is used for the core of the

conductive .column, stress which arises from shrinkage of the seal is reduced

to ensure constant spacing between the TFT substrate and the counter

substrate, and the process of forming a conductive column by dotting siiver

paste is eliminated.

[Brief Description of the Drawings]

[Fig. 1 ] A plan view of a TFT substrate of a liquid crystal display

according to a first embodiment of the present invention,

[Fig. 2] Plan view of the liquid crystal display according to the first

embodiment of the present invention
[ (a) ], and a cross-sectional view which

meets A-A line [ (b) ].

[ Fig, 3] Cross-sectional views of manufacturing process of the

conductive columns shown in Fig. 2.

[Fig, 4 J A flowchart of the method of manufacturing the liquid crystal

display shown in Fig.2.

[Fig. 5] Perspective views of the conductive column shown in Fig.2.

[Fig. 6] A plan view of a liquid crystal display according to a second

embodiment of the preset invention.

[Fig. 7] A plan view of a liquid crystal display according to a third

embodiment of the preset invention.

[Fig, 8J A plan view of a liquid crystal display according to a fourth
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embodiment of the present invention
[
(a) ], and cross-sectional view which

meets B-B I1ne[ (b) ].

[Fig. 9] A cross-sectional view of a liquid crystal display according

to a fifth embodiment of the present invention
[
(a) ], and perspective view for

explaining the state of contact between conductive columns on a counter

substrate and lead wiring on a TFT substrate [ (b) ].

[Fig. 10] Cross-sectional views of a process of manufacturing the

conductive columns shown in Fig, 9.

[Fig, 11] A plan view of a liquid crystal display by the conventional

art
[
(a) ] and a cross-sectional view which meets X-X line [ (b) ].

[Fig. 12] A flowchart for explaining the manufacture approach of the

liquid crystal display of Fig. 1 1

.

[Fig, 13] A sectional view of the liquid crystal display by another

Prior art.

[ Fig. 14] A sectional view of the liquid crystal display by still more

nearly another Prior art.

[ Explanation of numerals]

1 liquid crystal display

2 TFT substrate

3 input terminal portion

3a COM terminal

3b circuit drive terminal

3c capacitor line terminal

4 counter substrate

5 seal portion
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6 counter electrode

7 hole-closing portion

8 display area

9 conductive column installation region

10 circuit wiring region

19 conductive column contact portion

20, 20a conductive column

20' ground column

20'A resin layer

21 spherical spacer

23 alignment film

24 pixel electrode

25 array portion

27 liquid crystal material

30 lead wiring

52 photomask
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[Name of Document] Abstract

[Abstract]

[Problem] To provide a highly reliable liquid crystal display that allows

for stable electrical connection between the input terminal of a TFT substrate

and the counter electrode of a counter substrate, and to provide a method

for manufacturing the same.

[Means for solving the problem] In the process of laminating substrates

for manufacturing a liquid crystal display 1, a sealing material applied to the

entire side surface of conductive column 20 is cured, while conductive

column 20, which is formed by coating resilient ground column 20' to part of

counter electrode 6 of counter substrate 4, and COM terminal 3a of TFT

substrate 2 are in contact with each other. The sealing material shrinks when

it is cured to provide stronger contact between conductive column 20 and

COM terminal 3a. On the other hand, resilient ground column 20' absorbs

excessive stress. This allows for electric connection between counter

electrode 6 and COM terminal 3a with high reliability.

[Selected figure] Fig. 2
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[Name of the Document] figures
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[Fig. 2]
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[Fig. 6]
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tFig. 12}
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